Objectives-To identify and measure any relations between occupational exposure to cadmium compounds (oxide, sulphide, and sulphate) and the risk of mortality from lung cancer. Methods-The mortality experience of 571 male production workers from a cadmium recovery facility in the United States was investigated for the period 1940-82. All study subjects were first employed in the period 1926-69; they had all been employed for at least six months between 1 January 1940 and 31 December 1969. Newly abstracted detailed job histories for the period 1926-76 were combined with assessments of exposures to cadmium over time to develop individual estimates of cumulative exposure to cadmium (total exposure and exposures received both in the presence and absence of "high" exposures to arsenic trioxide). Poisson regression was used to investigate risks of mortality from lung cancer in relation to four concentrations of cumulative exposure to cadmium (< 400, 400-999, 1000-1999, > 2000 mg.m-3.days). Results-After adjustment for age attained, year of hire, and Hispanic ethnicity, there was a significant positive trend (P < 0.05) between cumulative exposure to cadmium and risks ofmortality from lung cancer. Relative to a risk of unity for the lowest exposure category (first level), risks were 2-30 (95% confidence interval (95% CI) 0-72 to 7.36), 2-83 (95% CI 0-75 to 10.72), and 3-88 (95% CI 1*04 to 14.46) for the second, third, and fourth categories, respectively. Similar findings were obtained after adjustment for age only. Trends were more pronounced when employment histories were lagged first by 10 years and then by 20 years. A separate analysis examined the independent effects of exposure to cadmium received in the presence of high exposures to arsenic trioxide (mainly cadmium oxide) and exposures to cadmium received without such exposure to arsenic (mainly cadmium sulphide and cadmium sulphate). A significant trend for a risk of lung cancer was found only for exposures to cadmium received in the presence of arsenic trioxide. Conclusions-Hypotheses which are consistent with the study findings include: (a) cadmium oxide in the presence of arsenic trioxide is a human lung carcinogen, (b) cadmium oxide and arsenic trioxide are human lung carcinogens and cadmium sulphate and cadmium sulphide are not (or they are less potent carcinogens), or (c) arsenic trioxide is a human lung carcinogen and cadmium oxide, cadmium sulphate, and cadmium sulphide are not. There were only 21 deaths from lung cancer available for this analysis and it is impossible to gauge which, if any, of these hypotheses are correct. (Occup Environ Med 1997;54:194-201) Keywords: cadmium; arsenic; lung cancer Cancer mortality among workers from a United States cadmium recovery plant has been investigated by several authors' 6 and the two most recent reports,5 6 which reached very different conclusions about risks of lung cancer after occupational exposure to cadmium, were reviewed by Doll in 1992.7 This review noted that "these studies are of greater interest than the size of the cohort might imply, because of the detailed data that the investigators were able to secure about the levels of cadmium to which the workers were exposed". In 1993, a Working Group of the International Agency for Research on Cancer (IARC) published a monograph on the evaluation of carcinogenic risks to humans after exposure to cadmium and cadmium compounds.8 The Working Group concluded that "There is sufficient evidence in humans for the carcinogenicity of cadmium and cadmium compounds' and the overall evaluation was that "Cadmium and cadmium compounds are carcinogenic to humans (Group 1)". The significant positive trends for risk of lung cancer with estimated cumulative exposure to cadmium reported both by Thun et al3 and Stayner et al5 in their analyses of the mortality experience of workers from the United States cadmium recovery plant were clearly key components of the sufficient evidence referred to by the working group.
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In 1994, a short report9 highlighted two problems, possibly serious, about the quality of the data on job histories collected by Thun et alunder the auspices of the National Institute of Occupational Safety and Health (NIOSH). The estimated cumulative exposures to cadmium derived from these data were also used by Stayner et alI and Lamm et a16 in their analyses of lung cancer mortality in this cohort. The problems with the data on job his- The starting point for the new data abstraction was a job dictionary compiled from some 300 job titles found in microfilm 27, relating to time sheet records for the period AprilAugust 1949.9 These job titles had been categorised by company personnel into one of 22 departments listed previously.9 In the course of further data abstraction new titles were found and, periodically, unclassified job titles were sent to company personnel for categorisation. The final job dictionary comprised some 600 job titles classified under one of 29 headings (first column, table 1). This job dictionary was used by two survey assistants to abstract, from the microfilmed time sheets, the principal job and department for each cohort member for each half month. The principal job and department was selected as that in which the most hours were worked (principal job and departments accounted for 91% of all hours worked by cohort members in AprilAugust 19499 and 95% of all hours worked by cohort members in June-December 1972). (Abstraction of these data took some four person-years of effort.) Employment histories were abstracted for the period 1926-76. Data for several periods were unavailable from the microfilmed records (March-April 1946; January-July 1952; JulyDecember 1967; January-March 1968). The time sheet books and service record cards were, therefore, reviewed at the plant. Data for the missing period in 1952 were, in fact, available and relevant data were abstracted. The remaining missing periods were found to relate to labour strikes.
The abstracted data were entered into computer files and compared with job histories collected by NIOSH investigators. Inconsistencies in the timing of employments were reviewed with source data at the plant and a few job entries in the newly abstracted data were found to relate to other people with the same name as study subjects. These job entries were removed from the file. There were a further 5904 man-half-months of employment in the NIOSH database for which no principal department was available in the new database. This difference was explained, almost entirely, by labour strikes, holidays, and sickness absence. Also, there were a further 1046 man-half-months of employment in the new database for which there were no corresponding entries in the NIOSH database. This small difference (in percentage terms) seemed to be due to abstraction errors in the NIOSH database.
For a total of 105 443 man-half-months of employment, a useful comparison could be made between the original NIOSH data on job histories (defined as seven general work categories), and the newly abstracted data on job histories (defined as 29 jobs and departments). Table 1 . Also, the relation between area and personal sampling data in the period 1973-6 had been examined (560 area samples and 58 personal samples), and the results of a separate study into the effectiveness of personal respirators were considered." The job exposure matrix (table 2) includes estimates of cadmium exposures from inhalation for a further two department groupings (non-production and non-plant).'2 The estimates, provided in the job exposure matrix, of exposure to cadmium from inhalation do not all refer to cad- An equivalent job exposure matrix for exposure to arsenic trioxide and other arsenic compounds is not available at present but it is known that arsenic compounds were an important constituent of the incoming feedstocks. Lamm et a16 provided summaries that showed that the annual mean percentage of arsenic in feedstocks for the plant in the period 1926-39 ranged from 2% to 10%. The corresponding range for the period 1940-58 was 1 %-4%. It is also known that exposure to arsenic compounds were much higher in the early process departments (sampling,
POISSON REGRESSION
Several variables were considered to have the potential for influencing mortality within the cohort: age attained (age at follow up or age at death), year of starting employment, Hispanic ethnicity, estimated cumulative exposure to cadmium, estimated cumulative exposure to cadmium in the presence of exposure to arsenic trioxide, estimated cumulative exposure to cadmium in the absence of arsenic trioxide exposure, and ever being employed in the arsenic department. These variables were not treated as continuous variables, but each variable was categorised into several levels. In constructing the models, it was necessary to ensure that there was at least one death at each level of each variable. Any adjustments were made before any statistical modelling was carried out. Age attained and estimated cumulative exposures to cadmium are time dependent variables and the analysis allowed, therefore, for subjects to contribute person-years at risk to contemporaneous categories.
Analyses were also carried out with exposures lagged by 10 (and 20 years) that is, exposures were assumed to have no effect until 10 hire was also shown not to confound the relation between risks of lung cancer and cumulative exposure to cadmium. Table 6 shows relative risks of lung cancer and all other causes by levels of cumulative exposure to cadmium in three different occupational settings: departments with high exposure to cadmium and arsenic compounds (excluding the arsenic department), departments with high exposures to cadmium but minimal or no exposures to arsenic, and other departments. (Cut off values for exposure categories were set to be 50% of those used in tables 4 and 5.) Also, the role of the binary variable "ever employed in the arsenic department" was considered (the plant carried out some arsenic recovery work in 1926-30 after the main business of the plant had changed from arsenic recovery to cadmium recovery). These four occupational variables were analysed simultaneously with age attained, year of hire, and Hispanic ethnicity. A significant positive trend was found for risk of lung cancer and cumulative exposure to cadmium in the presence of high exposure to arsenic but not for the other two variables of exposure to cadmium. A point estimate of relative risk of 10-25 was found for lung cancer and ever having been employed in the arsenic department although this finding is based on only one Confident interpretation of the data from the United States may become possible when further follow up data become available (follow up data for this analysis were only available to the end of 1982). Confident interpretation would also be assisted by incorporating a quantitative job exposure matrix for exposure to arsenic compounds into the analyses. Other analyses of these mortality data are encouraged to make use of the extraordinarily detailed data on job histories available.
